Development of varieties with high yield potential coupled with wide adaptability is an important plant breeding objective. The presence of genotype by environment (GxE) interaction plays a crucial role in determining the performance of genetic materials, tested at different locations and in different years. This study was undertaken to assess yield performance, stability and adaptability of thirty-six rice genotypes of three different maturity groups evaluated over 12 environments. There were highly significant (P<0.05) genotype-environment interaction in three different maturity groups. The AMMI analysis of variance in the maturity groups also showed significant genotype, location and G´L. Stability in yield performance was predicted using nine stability parameters (b, 2 d S , CV, SF, R 1 , R 2 , W, S1 and ASV). The rank correlation coefficient among nine parameters indicated that the stability parameters were dissimilar in for all the maturity groups. Stability index (STI) computed by integrating all the nine stability parameters indicated that genotypes Lalat and OR 2006-12 of mid-early group, genotypes OR 1912-25, OR 2310 and MTU 1001 of mid-late group, and genotypes OR 1898-3-16, OR 1901-14-32, OR 2109-2, OR 2001-1, Mahanadi and Jagabandhu of late group yielded higher consistently over the 3 years in the different agroclimatic zones.
INTRODUCTION
Development of varieties with high yield potential coupled with wide adaptability is an important plant breeding objective. The presence of genotype by environment (GxE) interaction plays a crucial role in determining the performance of genetic materials, tested at different locations and in different years, influencing the selection process (Becker and Leon, 1988; Purchase et al., 2000) . Multilocation trials provide useful information on genotypic adaptation and stability (Crossa, 1990) . The GxE interaction estimates help breeders to decide the breeding strategy, to breed for specific or general adaptation, which depends on stability in yield performance under a limited or wide range of environmental conditions (Romagosa and Fox, 1993) .
Plant breeders generally agree on the importance of high yield stability, but disagree with the different methods used for stability analysis (Becker and Leon, 1988) . Therefore, several biometrical methods including univariate and multivariate ones have been developed to assess stability (Akcura et al., 2005) . Among the univariate approaches, the linear regression model of Eberhart and Russell (1966) is most widely adopted by the breeders (Chowdhury et al., 2002; Bose et al., 2004; Francis et al., 2005; Nanita Devi et al., 2006; Das et al., 2008) as it is mathematically simple. But this model could not determine which genotype is superior, because the genotype's response to environments is intrinsically multivariate and regression tries to transform it into a univariate problem.
The use of stability analysis other than analysis of variance (ANOVA) may also help in prediction of adaptability of genotypes. Wricke's ecovalence is an alternative method that is used by breeders to determine stability of genotypes based on GXE interaction effects (Mahapatra, 1993; Chandrasari et al., 2002; Das et al., 2008) . It indicates the contribution of each genotype to the GXE interaction. When exposed to different environments, the responsive genotypes are not necessarily unstable, rather more desirable if there is consistency in yield as measured by coefficient of variation (CV) (Francis and Kannenberg, 1978) . Mahapatra and Das (1998) and Chandrasari et al. (2002) used CV to predict adaptability in rice. Among the multivariate approaches AMMI model is widely used (Asenjo et al., 2003; Mahalingam et al., 2006 and Das et al.,,2008) . In AMMI, the response patterns of the genotypes to environmental change can be extrapolated to a much wider range of environments. AMMI stability value (ASV) statistic was developed by Purchase (1997) to quantify and rank the genotypes on the basis of their yield stability. ASV is based on AMMI model's PCA 1 and PCA 2 scores for each genotype. It is in effect the distance from the co-ordinate point to the origin in a two dimensional scatter gram of PCA 1 score against PCA 2score. Many methods are available for the analysis of GxE interaction and adaptability (Lin et al., 1986; Hohls, 1995) . But the prediction of adaptability of the genotypes may vary depending on the biometrical methods followed, i.e. a genotype found to be stable in one biometrical method may not be stable in other. Therefore, the integration of several biometrical approaches may give a better result than the use of a single method in predicting the adaptability and stability in yield performance. The aim of the present investigation was to analyse genotypic adaptation in rice by integrating both univariate and multivariate methods of stability analysis.
MATERIALS AND METHODS
Thirty six rice genotypes ( Table 1) of 3 different maturity groups -11 of mid-early (115-125), 13 mid-late (126-140) and 12 of late (145-165)group were evaluated in three multilocation trials each at 4 different agroclimatic zones of Orissa (Bhubaneswar, Chiplima, Jeypore and Ranital; Table 2 ), India over 3 years, during [2004] [2005] [2006] in kharif (wet) season using a randomised block design with three replications. For all trials, nursery sowing was done during last week of June to the first week of July. Twenty-five to thirty days old seedlings were transplanted with 20 cm × 15 cm spacing and 2 seedlings per hill. In each trial, the plot size was 2 m × 3 m containing 10 rows of 3 m length each. The yield data of the 12 environments (4 locations x 3 years) were subjected to stability analysis following univariate methods like regression co-efficient (b) and deviation from regression ( ) 2 d S of Eberhart and Russell (1966) , co-efficient of variation (CV) of Francis and Kannenberg (1978) , two range parameters (R 1 and R 2 ) of Langer et al. (1979) , stability factor (SF) proposed by Lewis (1954) , ecovalence (W) of Wricke (1962) , mean absolute rank difference (S1) of Nassar and Huhn (1987) and the multivariate method AMMI(Additive main effects and multiplicative interaction) stability value (ASV) of Purchase (1997) . The models are described below.
Linear regression model. Adaptability and stability of performance of genotypes for grain yield were analysed, using the linear regression model of Eberhart and Russell (1966) as follows:
where: Mean absolute rank difference (S1). Mean absolute rank difference' is a stability parameter proposed by Nassar and Huhn (1987) . The rank of a genotype in each environment is determined first. If there are 'n' no. of environments/ locations then the possible pair-wise rank difference across the environments of the genotype would be n x (n-1)/2. Then all the rank differences were added and the average is calculated to get mean absolute rank difference of the genotype. Mean absolute rank difference estimates are all possible pair-wise rank
The stability parameter, measuring deviation from regression ( 
Coefficient of variation (CV).
Use of coefficient of variation as a stability parameter was proposed by Francis and Kannenberg (1978) . The parameter was estimated as:
where SD x is standard deviation of the means of a genotype over environments and is the mean of the genotype over all environments.
Range parameters. Two range parameters (R 1 and R 2 ) were estimated as follows, after Langer et al. (1979) .
where and are the highest and lowest mean yields of a genotype over the range of environments and are mean yields of a genotype in the highest-yielding and lowest-yielding environments. Genotypes with less change in rank are expected to be more stable.
AMMI stability value (ASV).
The PCA scores of a genotype in the AMMI analysis are an indicator of the stability of a genotype over environments. The greater the IPCA (Interaction Principal Component Axis) scores, either negative or positive, indicated the specific adaptation of a genotype to certain environments. The more the IPCA scores approximate to zero, the more stable the genotype is over all the environments considered for the study. The mathematical function of the AMMI model following Zobel et al. (1988) is: S indicated unstable performance. Low (below average) value in case of CV, SF, R1, R2, W, S1 and ASV indicated stability and high (above average) value indicated unstable performance. Finally, the numerical scores of a genotype on all the 9 parameters were added to get stability index (STI) of the genotype. High value of this index indicated higher stability of yield performance of the genotypes. (Table 3 ) of yield data of the three multilocation trials of mid-early, midlate and late groups over 12 environments showed significant differences (P<0.05) among genotypes of each maturity group and among environments and highly significant G X E interaction indicated differential response of the genotypes to environmental changes. Regression analysis indicated that the mean sum of squares due to environment (linear) was highly significant. Table 4 showed the stability parameters of Eberhart and Russell (1966) . In the case of mid-early group, the regression coefficient (b) of the genotypes OR 1916 -19, OR 1976 -11, OR 2006 and Lalat was found to be unity (b = 0.8 -1.2). Genotypes OR 2200-5, OR 2172-7 and Konark had 'b' values greater than unity (b>1.2). The remaining four genotypes had b-values less than unity (b< 0.8). showing below average value for CV, SF, R1, R2, W and S1 (Table 5 ) ranked in the stable category, while those having above average value were classified as unstable. There were 7, 6, 5, 5, 6, and 6 genotypes showed stability on the basis of CV, SF, R1, R2 W and S1 parameters, respectively. The AMMI analysis of variance showed that both main effect components, i.e. genotype and location and interaction component were significant (Table 6 ). The main effects of genotypes and locations accounted for 8.43% and 80.86%, respectively; and G´L interaction accounted for 10.71% of the total variation in G-L data for grain yield. Table 7 indicated the AMMI 2 model IPCA 1 and IPCA 2 scores and the ASV with its ranking for the mid-early genotypes. According to ASV ranking, the most stable genotypes were OR 1976 -11, Lalat, OR 1929 -4, OR 2168 -1, OR 2200 -5 and OR 1739 . This clearly indicated that genotype found to be stable on the basis of one method may not be stable on the basis of another method(s).
RESULTS

Analysis of variance
Mid-early group.
The rank correlation coefficient study among the nine stability parameters (Table 8b) revealed that b had positive significant correlation with CV, SF, R1 and R2 and negative correlation with Values in brackets are the scored value, where '0' indicated unstable performance and '1' indicated stable performance. * = significant at 5%, ** = significant at 1% level with CV, SF, R1 and R2 and positive significant correlation with W. Both S1 and ASV had no significant correlation with any other stability parameters. So to predict stability in yield performance of a genotype all the 9 stability parameters were considered together, by scoring the genotypes in a 0-1 scale for each parameter. The STI values ranged from 0 to 8 ( S > 0). On the basis of CV, SF, R 1 , R 2 , W and S1 values 8, 6, 7, 6, 7 and 5 genotypes respectively, were found to be stable and the rest unstable. The AMMI analysis of variance showed that both main effect components, i.e., genotype and location and G × E interaction component were significant (Table 6 ). Based on ASV ranking, the genotypes OR 2310 -12, OR 1681 -11, OR 1914 -8, Gouri, MTU 1001 , OR 1967 and Surendra were found to be stable (Table 7) . The rank correlation coefficient study among the nine stability parameters (Table 8b) Values in brackets are the scored value, where '0' indicated unstable performance and '1' indicated stable performance for each stability parameter ASV did not show significant correlation with the univariate stability parameters.
Based on STI values (Table 9) , the genotypes were identified as stable and unstable irrespective of their yield level. The genotypes AMMI ANOVA of mid-late rice genotypes for yield S values, four genotypes were found to be stable and rest eight were unstable. There were 7, 7, 7, 6, 7 and 8 genotypes had below average values for the parameters CV, SF, R 1 , R 2 , W and S1 (Table 5) , respectively and were considered as stable (Table 5 ). The AMMI analysis of variance showed that genotype (G), location (L) and G´L interaction components were significant at 1% level. The multivariate stability statistics ASV indicated that the genotypes Mahanadi, OR 1898 -3-16, Jagabandhu, OR 1898 -2-15, OR 2109 -2 and OR 1885 were stable. The rank and rank correlation coefficient study among the nine stability parameters (Table 8a and 8b) showed that b had positive significant correlation with CV, SF and R2 and limited correspondence with the rest five parameters. 
DISCUSSION
The present study clearly showed that genotypes of mid-early, mid-late and late group differed greatly in their yield stability for each of the univariate and multivariate stability parameters (Tables 4, 5 and 7.). According to authors knowledge integration of both the univariate and multivariate methods to assess adaptability is very scanty. Mahapatra (1993) estimated adaptability of 12 rice varieties by integrating eight univariate methods along with mean yield. In mid-early group the number of stable genotypes is highest (7) according to CV and least (4) on the basis of b value. In the mid-late group, the number of stable genotypes is highest (9) according to b value and lowest (5) on the basis of 2 d S and S1value. In the late group, highest (8) number of stable genotypes is observed according to S1 parameter and least (4) on the basis of 2 d S value.
The rank correlation coefficient in the present investigation indicated that the stability statistics showed variation in their degree of correlation and were not the same for all the maturity groups. In the mid-early group W showed positive significant correlation with S , CV, R2 and W. Therefore, we integrate different stability parameters to predict genotypic adaptation in rice. According to STI estimate seven genotype from each maturity group are found to be stable. The high yielding genotypes MTU 1001 of midlate group and Mahanadi of late group are stable for each of the stability parameters and it may be supposed due to the involvement of multiple genes in controlling sensitivity to environmental changes.The present study suggests that integration of several approaches of stability analysis is better than the use of a single approach in predicting genotypic adaptation.
CONCLUSION
Integration of univariate and multivariate approaches in the present study indicate that the mid-early group genotypes Lalat and OR 2006-12 
